Quantitative estimation of pesticide residues in tea samples was established by employing Liquid Chromatography with tandem mass spectrometer using electron spray ionization (LC-ESI-MS/MS) in multiple reaction modes (MRM). The modified QuEChERS (quick, easy, cheap, effective, rugged, and safe) sample extraction procedure was used in the analysis. In dispersive solid phase extraction (d-SPE), PSA+GCB (800 mg + 25mg) sorbents and 750 MgSO4 were used, which enhances in clean up capabilities and obtained good recoveries. The developed method was validated by employing LC-MS/MS at the different spiking concentration levels from 5-100 ng.mL -1 . The experimental results showed and found that the matrix-matched calibration curve linearity was r 2 > 0.99130 for total target analytes in all samples. Better recoveries were obtained between 70% to 120% with the acceptable relative standard deviation (RSD). The limits of detection ranged from 0.03 ng.mL -1 to 1.4 ng/mL -1 and limit of quantifications from 0.1 to2.6 ng.mL -1 for all the samples under investigation. The established method was successfully applied for the estimation of pesticide residues in real tea samples. The experimental results are found to be the presence of anthraquinone pesticide residue in the concentration ranging from 7.2-8.5 ng.mL -1 in three out of ten tea samples under investigation.
INTRODUCTION
In recent years, pesticides are widely employing in Agricultural sector to raise the quality of food produced and also to increase the crop yield. Pesticides have played an important role in providing reliable supplies of agriculture products at prices inexpensive to consumers and ensuring more benefit to the agriculturalists 1 . In the process of agriculture forming practices, the general population is getting exposed to more pesticides and also the food, drinking water and air is getting contaminated with these low persistent levels of pesticides 2 . The world health organization (WHO) has stated that approximately three million pesticide poisoning cases occur yearly, consequently lead to 2220,000 deaths worldwide 3 . Tea the truly ubiquitous common man's drink in India was introduced by the British to this country from neighboring country i.e china. In India, three special varieties of tea leaves are available namely Darjeeling, Nilgris and Assam which are getting exported to worldwide. Tea crop is grown over 13 states, majorly producing from Assam, Tamil Nadu, West Bengal and Kerala. Tea crop is one of the most vulnerable crops for few diseases and weeds, and also will be affected by pests, mites, caterpillars, and leaf-eating beetles. To avoid or reduce these problems, the farmers are following a common practice of using pesticides in tea farming production. Sometimes the farmers are not maintaining a gap between the consequent sprays and dosage per hector as per agriculturalist recommendations. In such agricultural practices, the presence of pesticide residues in tea beverages could be a major path of pesticide consumption by consumers. Some 6 . In view of this a multi-residue method for the detection and estimation of pesticides in tea is an important task for regularities as well as tea producers. Through a literature survey, it is found that the majority of research article focused on multiple pesticide residue methods subjected to less complicated matrices such as fruit and vegetables 7 . A large amount of caffeine, pigments, and polyphenols are the main cause of complexity of tea matrix. Therefore, multiple multi-residue analysis in tea is tougher owing to a complicated extraction procedure and creating tough analytical challenge 8 . In general, choice of the sample preparation method is solvent extraction method but cannot deliver an effective solution to reduce matrix effects. Solid Phase Extraction (SPE) is also one of the excellent methods for pesticide analysis 9 . Gel Permeation Chromatography (GPC) is alternative effective clean-up method which has been extensively applied 10 . Quick, easy, cheap, effective, rugged and safe (QuEChERS) is a better alternative method for multi-residue analysis which has been accepted globally, and was introduced by Anastassiades et.al 11, 12 . In recent trends, QuEChERS procedure has been followed by many governments and organization laboratories for multiresudie analysis in different samples such as, fruits, vegetables and other samples with complex matrices 11, 13, 14 . In the QuEChERS method, acetonitrile (ACN) was used in primary step followed by addition of salt mixture which leads to partitioning. An aliquot solution is added to sorbents and centrifugation is done to get the dispersive solid phase extraction (DSPE). The fine extract with acetonitrile (MeCN) is directly responsive for qualitative and quantification analysis by several analytical instruments, such as liquid chromatography (LC) or gas chromatography (GC) 15 . The gas chromatography with mass spectrometry with provided better results in different food matrices and drinking water for pesticide residue analysis 16 . Recent times, LC coupled with tandem mass spectrometry (LC-MS/MS) is a preferable method because of its more sensitivity and selectivity 17 . Wang et al., reported that 141 pesticide residues were analyzed in a tea sample by using UHPLC-TOF-MS and LC/ECI-MS/MS. The LC-ECI-MS/MS had proven superior sensitivity and good repeatability method than UHPLC-TOF-MS 18 . The present study focused on modified QuEChERS process which was developed and validated for the determination of multi-residue analysis in tea by using LC-MS/MS and applied to real samples of tea. Therefore, the developed method would be an advantage and suggested as the prescribed procedure for other multi-residue analysis in several types of tea.
EXPERIMENTAL

Reagents and chemicals
Pesticide reference standards were supplied by Sigma Aldrich (Bangalore, K.A, India). HPLC grade acetonitrile, methanol, acetic acid, and formic acid were used in sample preparation, mobile phase, and stock solution preparation. Primary secondary amine (PSA) and Graphitized carbon black (GCB) were obtained from Agilent Technologies (Hyderabad, T.S. India). Analytical reagent grade anhydrous magnesium sulfate (MgSO4), Ammonium formate, and sodium chloride were used in the present work. The MgSO4 was calcined at 450 0 C in a muffle furnace to remove wet content and phthalates to avoid any contaminants in materials. Apparatus A vortex mixture (Remi C-852) and centrifuge were used in sample extraction procedure. Liquid chromatography-mass spectrometry with ESI ionization source was used for the quantification of selected pesticides in the tea samples. Agilent1200 model HPLC was used for present analysis. The mobile phase A consisted of 90:10 water, methanol with 0.1% formic acid, B contained 80:20 methanol: water and 5 mill molar ammonium formate, 0.1% formic acid. The elution was performed in the gradient mode program analysis and parameters are listed Table- source (ESI) operating in positive ionization interface was used, and MRM (multi-reaction monitoring) mode was applied. The ESI source settings were gas temperature, 120 0 C; gas flow, 10 L min −1 ; nebulizer gas, 30 psi; sheath gas temperature, 375 0 C; sheath gas flow, 10 L min −1 ; capillary voltage, 4500 V and nozzle voltage, 400 V. Nitrogen was served as the nebulizer and collision gas. 
Extraction Procedure
Two grams of tea powder was weighed, transferred into a 50 mL PTFE centrifuge tube and 5 mL of ultrapure water was added followed by 15 mL acetonitrile. The centrifuge was shaken vigorously by vortex shaker for 4 min and then kept settle for 45 min. Later 4 g of anhydrous MgSO4, 1g NaCl were added and shaken by vortex for 2 min and cooled the tube in an ice water bath for 5 min followed by centrifugation. Then 3 mL of the upper layer was transferred to the dispersive tube which contained 800 mg PSA, 25 mg GCB, and 750 mg MgSO4. The dispersive tube was conditioned with acetonitrile and centrifuged at 400 rpm about 6 minutes. The extracted eluent was concentrated to 1mL by evaporating with weak nitrogen stream at 40 0 C. Finally, the residue was diluted with 1 mL MeCN and filtered with a 0.2 µm organic filter, which is ready for injection into LC-MS/MS for analysis.
Stock Solutions
Stock solutions of 1µg.mL -1 standard mixtures of Aldrin, Anthraquine, Atrazine, Benalaxyl, Benthiocarb, Biphenyl, Chlortenapy, Chlorpyrifos, D.D.E.o.p, Fenazaquin, Fenpropathrin, and Quinalphos were prepared by adding 1mL of each pesticide pure compound (standard) from stock solutions into 10 mL MeCN in a 10 mL volumetric flask. The standard solutions were stored at -25 0 C. Thirteen (13) working standard samples were arranged using the serial dilution method (5, 10, 20, 50, and 100 ng. mL -1 ) for above-sited reference standard pesticides. These working standard solution sets were divided into aliquots, sealed in ampoules and stored at -40 0 C until required. These were used to determination of limit of quantification (LOQ), limit of detection (LOD), the linearity, and recovery experiments utilized by working standard solutions.
Preparation of Blank Samples
The tea powder commodities were used for the spiking experiments. The organic tea samples were used as blank samples for the present study. All blank Tea samples were washed with acetonitrile solvent to eliminate the contamination of pesticide residues in the sample. After that, these samples were used for spiking experiments and studied recovery values at different concentrations respectively. The fortified tea samples were used for matrix-matched calibration by LC-MS/MS.
Method Performance
Tea blank samples were used for better sensitivity and precision of the optimized method. The relative standard deviation (RSD) and recoveries were determined for four replicates at five concentration levels (5, 10, 20, 50, 100 ng.mL -1 ) in all the 13 target analytes under investigation and obtained good recovery (≥70) and found to satisfactory.
RESULTS AND DISCUSSION
Extraction Procedure
In modern agriculture practices, increased availability of a number of pesticides and lack of knowledge about the proper dosage to apply for the tea plants leads to residues not only attaching the surface of tea leaves but also merged into the tea structure. Therefore, the extraction method efficiency should be high for real samples than the examining spiked sample extraction. that QuEChERS sample preparation method suitable for analysis of pesticide residues in different vegetable and fruits 19 . The original QuEChERS method was modified for different analytes in various food samples. QuEChERS method is required to optimize for specific sample analyte in order to reduce errors as well as to increase the extraction efficiency 20, 21 . Normally, the solvent selection plays an important role in a sample preparation, based on nature of pesticides. Some solvents can be nominated as the extraction solvents namely ethyl acetate 22 acetone 23 and acetonitrile 24 for optimization. Among these solvents acetonitrile solvent has extra advantages such as less interference from proteins, lipids, and coextracted matrix, therefore achieves high recovery efficiency. In view of the stated advantages, MeCN was selected as the extraction solvent in the QuEChERS method. In this extraction method, MgSO4 and NaCl salts were used for better partitioning the layers and upper layer had given significant volume which was explored for high recoveries. Several sorbents (PSA, C18, GCB etc.) can be used in the dispersive method for removal of matrixes from samples in order to minimize the interference. The PSA has an ability to remove fatty acids, sugars, lipids, organic acids. C18 can able to eliminate the fatty compounds and other polar interferences 25 . In orderly to reduce the matrix interference further in a tea sample, GCB was added along with PSA in appropriate proportions. Few authors were investigated and reported that for good recoveries optimum quantity sorbents are essentially needed 26 . Some of the research articles reported that if > 1000 mg PSA dosages, some pesticides have not found satisfactory recoveries 27 . In tea samples caffeine also one of the co-matrix, which was removed effectively by PSA+GCB 500 mg than PSA+GCB 250 mg with NH2-Carbon combination 28 . In present research work, the extraction efficiency, recovery percentage found to be good and matrix influence also found at less by employing of PSA+GCB (800mg, 25mg) absorbent combinations during the d-SPE step. The evaluated results for all the samples in the present study are incorporated in in table.3 and its graphical representation is shown in Fig.-1 and 2 . LC-MS/MS Conditions were optimized by using mobile phase A in the ratio of 90:10 water, methanol 29 with 0.1% formic acid, and B consist of 80:20 methanol: water and 5 mill molar ammonium formate, 0.1% formic acid used for good separation of 13 pesticides in the analysis. To improve qualifier and quantifier with respect to target analytes studies, ESI positive mode was used for ionization. The optimization parameters of the instrument are summarized in Table- 1.
Matrix Effect
The matrix effect was calculated by comparing the slopes of calibration curves in respect of matrix and solvent. In this study 5,10,20,50,100 ng.mL -1 concentrations were used for calibration curves for matrix and solvent. The ME evaluated by the following equation: ME(%) = × 100 Ferrer et.al reported that, the percentage of ME might be positive or negative and classified three categories of Matrix effects on the basis of ME percentage ranges. When the ME% values found to be between -20 and +20 it is considered as low matrix effect, if these values found in the ranges between -50 and -20; +50 and +20 it is considered as medium matrix effect. If ME% are above -50 and +50 then it is considered as strong matrix effect. The ME values were calculated using a calibration curve slope of solvent and calibration curve of matrix depicted in Table-5 and Fig.-2. A signal enhancement would occur if the percentage of the difference between these slopes were positive. If it was negative, it would be indicative of signal suppression 30 . In this study out of 13 pesticides,12 pesticides had low matrix effect ranging from -5.4 to 4.9 except bifenthrin showed medium matrix effect and hence the optimized extraction procedure as well as established analytical conditions were found to in good agreement and satisfactory. The ME on pesticides analyzed by LC-MS/MS in tea matrixes: positive ME (suppression); negative ME (enhancement).
Method Validation
Good linearity results with the regression coefficient more than0.99130 for all pesticides were obtained. The limit of detection (LOD) and limit of quantification measured by signal to noise ratio (S/N) are 3×S/N and 10×S/N, respectively 31 . The evaluated LOD and LOQ values were shown in table.3. The chromatograms of qualifier and quantifier of all title compounds at different concentrations were represented in supplementary data. The recovery and precision of the method for the 13 pesticides were evaluated by using five replicates (n=5) of spiked tea samples at five concentration levels (5, 10, 20, 50 ,100 ng.mL -1 ). The external calibration method was used for calculation of recovery values obtained, which were between 84.67 to 114.31 % are shown in Table- 3. The relative standard deviations (RSDs) for the all spiked levels were lower than 20% as shown in Table- 4. 
Real samples
Ten tea samples (not a branded) were obtained from a local market in Pulivendula, Y.S.R Dist Andhra Pradesh (A.P), India. The validated method was applied to all these real samples. Anthraquinone pesticide residue was found in three out of 10 tea samples with the concentrations of 7.6, 7.9, 8.5 ng.mL -1 respectively which is found to be below MRL value as per EU legislation. 
CONCLUSION
A simple and fast analytical procedure for the determination of 13 pesticide residues in tea samples has been developed and validated. The use of dosage sorbents combinations (PSA800mg, GCB25mg) used in cleanup for the d-SPE step of QuEChERS methodology provided a significant removal of co-extractives interferences and satisfactory recoveries were obtained with acceptable RSD% for 13 pesticide residues in even under complex matrix. The applicability of the method was checked by analysis of 10 real tea samples and found positive results for three tea samples. Finally, the results presented in this study are reliable and established method is optimal which can be applied for real tea sample analysis for quantification of pesticide residues. 
